condition groups including stroke (or hemiparesis), cerebral degenerative diseases, movement disorders and autonomic disorders. Conclusions: The high prevalence of preexisting neurological disorders among LE amputees and the varying effect of different conditions on risk of mortality highlights the need to further characterize the diverseness of this understudied subpopulation. While preexisting spinal cord injury and PNS disorders appear to carry a decreased risk among amputees, those with central nervous system disorders have comparatively greater mortalities.
Introduction
Neurological disorders can be quite diverse, challenging to treat and often disabling. Conditions that involve the central nervous system (CNS), peripheral nervous system (PNS) and autonomic nervous system (ANS) are not uncommon in patients who undergo lower-extremity (LE) amputation, and the impact of these conditions on prognosis has not been examined. Understanding the prevalence of neurological disorders that are present as comorbidities prior to LE amputation and the effect on patient outcomes may aid in assessing resource use and quality of care.
Studies of patients with LE amputations in the United
States Veterans Health Administration (VHA) found unadjusted 1-year survival rates of approximately 70% with poorer rates for older patients and those with a more proximal amputation, renal, cardiovascular or cerebral vascular diseases [1] [2] [3] . Those patients categorized as having 'other neurological conditions' had a threefold increased likelihood of in-hospital mortality, second highest only to those with systemic sepsis [3] . Although LE amputees with preexisting neurological conditions have been shown to be at risk for poorer outcomes, work to date using data from the VHA, US private sector, or abroad has not explored the full range of neurological disorders, and neither the prevalence of different types nor their effect on survival is known. The aim of this study was to expand on previous research and determine the prevalence of neurological disorders present as preexisting comorbidities among veterans with LE amputations in order to investigate different conditions as independent predictors of short-(in-hospital) and long-term (1-year) mortality. Recognizing that the vascular system is generally severely compromised in patients with preexisting stroke or hemiparesis, it was hypothesized that this group would be at increased odds of death within 1 year compared to those with other types of neurological conditions. We further hypothesized that patients with spinal cord injury (SCI) or paralysis would be at increased odds of survival to 1 year following the amputation. Those with SCI or paralysis may have already adapted to life with reduced limb use and would logically have a lower incidence of vascular compromise. We were unable to identify any studies of individuals with SCI or paralysis and subsequent amputation and, thus, propose this scenario based on clinical plausibility.
Materials and Methods
This retrospective longitudinal study was approved by Institutional Review Boards at the University of Pennsylvania and the Veterans Affairs Medical Centers in Albany, New York and Kansas City, Mo, USA.
Data were obtained from 7 VHA administrative databases used to track health status and health care utilization of veterans. The databases supporting our research included 4 Patient Treatment File (PTF) inpatient data sets, 2 outpatient care files and the Beneficiary Identification Record Locator System (BIRLS) death file [4] [5] [6] . The PTF captured the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes relevant to the entire inpatient hospital stay and identified patients who died during the hospitalization. The outpatient care files have a record for each outpatient visit where a principal diagnosis intended to describe the reason for the visit is coded and 9 additional variables are available for secondary diagnostic information. The BIRLS database contained records of all beneficiaries, including veterans whose survivors applied for death benefits. Our methods of data abstraction, identification and exclusion of patients have been described previously [3] .
All veterans with new transtibial, transfemoral or hip disarticulation amputations with discharge dates between October 1, 2002, and September 30, 2004, were included. There were 125 US Veterans Affairs Medical Centers operating during this study period but surgical amputation of the lower limbs occurred at only 101 of those facilities. Of the 4,727 patients in this sample population, 7 (0.15%) were excluded from analyses because of lack of information (6 had an unspecified amputation level, and 1 was missing living location prior to hospitalization).
Patient level characteristics included age, gender, marital status (married vs. not married), prior living location (home vs. extended care and hospital) and several measures of clinical status. Amputation level distinguished between transtibial and transfemoral limb loss. The latter group included patients with hip disarticulations because of low prevalence. Length of acute hospital stay (in days) approximated patient complexity. Using the ICD-9-CM codes from outpatient files 3 months prior to hospital admission and documented in the PTF between admission and surgical dates, we differentiated among diagnoses likely to have contributed directly to the amputation as etiologies and concurrent conditions less likely to be related but present as comorbidities. Comorbidities were expressed with the Elixhauser Comorbidity Measure, which includes 30 categories [7] . Neurological comorbidities assessed with the Elixhauser Comorbidity Measure (other neurological comorbidities and paralysis) were not included in analyses. Categories with insufficient prevalence were combined where possible or excluded from analyses. These included obesity (no cases had this condition documented), combined hypertension and hypertension with complications (low prevalence in the latter), and combined cancer categories of solid tumor without metastasis, metastatic cancer and lymphoma (low prevalence in the latter two categories). Peripheral vascular disease, diabetes mellitus and diabetes with complications are instead accounted for as possible etiologies under peripheral circulation problems, and type I and II diabetes mellitus rather than as comorbid conditions. The categorization of the ICD-9-CM codes into 12 etiological conditions, described previously, included congenital deformity, chronic osteomyelitis, device infection, type I and II diabetes mellitus, local significant infection, lower-limb cancer, peripheral circulation problems, previous amputation complication, skin breakdown, systemic sepsis and trauma [3] . Etiologies were viewed as multifactorial, meaning that an individual could have more than one factor contributing to limb loss, just as more than one comorbidity could be present at the time of the amputation.
Neurological Conditions
Using ICD-9-CM codes documented for each patient, we identified all neurological disorders. The 37 disorders were clinically reviewed and categorized into 7 conditions including a group for 'other' CNS conditions with low prevalence in this sample (ICD-9-CM codes in parentheses): Outcome Patients were followed from the surgical date through the 1-year anniversary of their surgical amputation. Death during the acute hospitalization (short-term prognosis), death within 1 year of the amputation (long-term prognosis) and number of days between surgery and death were examined. Mortality information was acquired from the PTF and BIRLS databases. Combining the BIRLS with the PTF provides a thorough list of the veterans with LE amputations who died. Neither the PTF nor the BIRLS provide specific cause of death information as indicated by an ICD-9-CM code.
The main PTF database was accessed first, since it identifies patients who died in a VHA hospital. If a death date was documented on or prior to discharge, that date was used. The BIRLS database, documented to have a sensitivity of 70-96.5% [8] , was then examined for the remaining patients who did not die in a VHA hospital to determine if the death date followed the discharge date. If no death date was found in either database, it was assumed that the veteran was still alive 1 year following the amputation.
Statistical Analysis
The distribution of neurological disorders was examined to identify the proportion of patients with evidence of each type. Patients who had 2 or more neurological disorders were reported in multiple categories, but the number of patients with neurological conditions was determined independently of the number of coexisting disorders. Baseline patient characteristics were compared for patients with and without neurological disorders using 2 and t test statistics. The mortality rate for patients with neurological disorders was calculated and reported as the unadjusted rate. To address the relative associations between each type of condition and mortality, three regression models were created in the subsample of patients with neurological conditions. Multiple logistic regression with forward selection was used to identify the patient characteristics predictive of short-and longerterm mortality (dichotomous dependent variables for death during the hospital stay and within 1 year of the amputation, respectively). All patient characteristics were eligible and were allowed to enter each model when p ! 0.05. A Cox proportional hazards model using backward selection (removing variables when p 1 0.05) was then used to determine the hazard ratio for the likelihood of amputees with a neurological disorder surviving 1 year after their amputation. This highly saturated model included all patient characteristics in order to examine the simultaneous effects of multiple variables that could be influencing prognosis. A Kaplan-Meier survival plot was created to present cumulative survival by the number of days from surgery, adjusting for statistically significant patient characteristics that were identified in the Cox regression model.
Results
Of this primarily male sample of veterans ranging in age from 26 to 107 years (mean age 67.4, SD = 10.7), 43.3% had a neurological disorder documented prior to the amputation. It was significantly more common for patients with neurological disorders, compared to those without, to be married and have a longer length of hospital stay. Fewer lived at home prior to the hospitalization or had the amputation due to a device infection, yet more had an etiology of local significant infection, type I or II diabetes mellitus, or skin breakdown. Several comorbid conditions were significantly more prevalent in amputees with neurological disorders including congestive heart failure, deficiency anemias, depression, fluid and electrolyte disturbances, hypertension and psychoses; yet, it was less common to have comorbid cancer or rheumatoid arthritis. There was no difference between the groups in age, gender or amputation level ( table 1 ) .
Subsample of LE Amputees with Preexisting
Neurological Disorders (n = 2,042) Seven neurological condition categories were examined. Most prevalent were PNS disorders (n = 957; 42.3%) and stroke/hemiparesis (864; 38.2%). A similar proportion of patients had SCI/paralysis (197; 8.7%) or an ANS disorder (166; 7.3%). Fewer patients had a cerebral degenerative disease (104; 4.6%), movement disorder (102; 4.5%) or 'other' conditions (84; 3.7%). Patients who had 2 or more neurological conditions documented are reported in multiple categories. There were 393 patients (8.3% of the full sample; 19.2% of the neurological condition subsample) with 2 or more neurological conditions. Unadjusted in-hospital survival for the 2,042 patients with neurological disorders was 93.4%, and 1-year survival was 76.3%.
Among those with neurological conditions, patients with SCI/paralysis or PNS disorders were less likely to die in hospital than patients in the remaining 5 categories of neurological conditions (SCI/paralysis odds ratio, OR = 0.37, 95% confidence interval, CI = 0.15-0.87, p = 0.023; PNS OR = 0.44, 95% CI = 0.25-0.78, p = 0.0005). The same was true for death within 1 year (SCI/paralysis OR = 0.56, 95% CI = 0.35-0.90, p = 0.017; PNS OR = 0.58, 95% CI = 0.42-0.80, p = 0.0007), whereas patients with 'other' conditions were more likely to die within 1 year ('other' OR = 1.86, 95% CI = 1.10-3.14, p = 0.021). Significant predictors of both death in hospital and death at 1 year were older age, transfemoral amputation, systemic sepsis etiology, and comorbid arrhythmia, renal failure, and fluid and electrolyte disturbances. Unique predictors of death in hospital included prior living location other than home and the absence of chronic osteomyelitis as an etiology. Unique predictors of death at 1 year were comorbid cancer, chronic pulmonary disease, congestive heart failure, valvular disease and weight loss.
The 1-year survival estimates were similar in the Cox regression after adjusting for all patient characteristics ( table 2 ). Of the 7 neurological conditions examined, patients with SCI/paralysis were least likely to die within 1 year (hazard ratio = 0.54, p = 0.003), as were those with PNS disorders (hazard ratio = 0.62, p = 0.0003), when compared to patients in the remaining neurological condition categories. There was no statistically significant difference in survival for patients with stroke/hemiparesis, ANS disorders, cerebral degenerative diseases or movement disorders (p 1 0.05) when compared to the remaining neurological categories. Significant predictors of 1-year mortality for this neurological-amputation population included older age, transfemoral amputation, systemic sepsis etiology, and comorbid arrhythmia, cancer, chronic pulmonary disease, fluid and electrolyte distur- bances, renal failure, valvular disease and weight loss. The Kaplan-Meier survival plot presents cumulative survival by the number of days from surgery, adjusting for these statistically significant patient characteristics ( fig. 1 ).
Discussion
This study examined both short-and long-term mortality in a 2-year cohort of veterans with preexisting neurological disorders and subsequent LE amputation in a large integrated US health system. Almost 50% of the amputees had a coexisting neurological disorder. Health status prior to amputation was poorer for those with preexisting neurological conditions compared to those without, but the unadjusted mortality rates for the population with neurological conditions were not dissimilar to other medically diverse samples [1] [2] [3] . Interestingly, although there was no significant difference in in-hospital or 1-year mortality between several of the grouped neurological conditions, it appears that patients with SCI/paralysis and PNS disorders had comparatively lower risks and the otherwise undefined group, which contained neurological conditions that presented too infrequently to study, appeared to have the most virulent neurological conditions associated with the greatest risk.
We are unable to compare the prevalence of these neurological conditions to other samples (US or abroad) because research to date on this complex population has focused on the presence of stroke, hemiparesis or SCI, without attention to the growing population of people with, for example, cerebral degenerative disorders or movement disorders. This limitation in the literature may be a result of requiring a large enough sample to capture patients with these less common preexisting conditions that occur, on average, later in life. Even in our larger sample we identified several disorders with too few patients to analyze independently and thus elected to combine them in an 'other' condition group. Although this group was found to be at increased risk of mortality, the wide range in clinical characteristics defining the disorders makes it difficult to hypothesize what led to this finding. This study clearly supports that overall health status affects the risk of mortality with neurological disorders being one component of health status in veterans with LE amputations. Age, among other factors, was in fact a stronger predictor of mortality than any of the neurological conditions. Recognizing this, it was thought that the patients with preexisting PNS disorders or SCI/paralysis who were found to have a comparatively lower risk of 1-year mortality could be on average younger. Exploratory analyses of the distribution of age for each of the neurological conditions found no significant differences. Perhaps other clinical characteristics of these groups that are not routinely captured in administrative databases are affecting the mortality risk. Future studies may consider prospectively investigating potential interactions between these neurological conditions and the effects of amputation on mortality, and including measures of severity, disability and health service use both prior to and after surgical amputation as alternate theories.
As was expected, one of our largest patient groups included those with stroke or hemiparesis. The literature to date has identified 4-29% of LE amputees who have had a stroke at some time [9, 10] , and as was noted by Brunelli et al. [9] , it has only been in the last 3 decades that studies have identified factors influencing outcomes for this population. Younger versus older age and transtibial versus transfemoral amputation have been shown to predict more positive rehabilitation outcomes for stroke patients [9, 10] ; the same was true in our study predicting 1-year survival in a more diverse neurological population. In comparison to work done by colleagues [3] , this study of patients with neurological disorders identified several patient characteristics and medical comorbidities that seemed to have a similar effect on 1-year mortality (including older age, transfemoral amputation, systemic sepsis etiology, comorbid cancer, fluid and electrolyte disturbances, and renal failure). On the other hand, comorbid arrhythmia, valvular disease and weight loss were uniquely associated with 1-year mortality in this neurological population. There are many benefits to examining patient care in the VHA, and there are important limitations to acknowledge. A documentation of race was not available for the entire sample and thus was not examined. Veterans are predominately male, and it is unknown if findings can be generalized to females. Studying outcomes following VHA care may not be generalizable to private sector studies. Future research of the VHA population would benefit from including private sector data and exploring the care provided to this complex population.
Conclusions
The high prevalence of preexisting neurological disorders among LE amputees and the varying effect of different conditions on risk of mortality highlights the diverseness of this understudied population. Additional patient characteristics such as level of disability prior to and following amputation should be considered for inclusion in future studies to help explain the relationship of preexisting neurological conditions with postsurgical outcomes. Health system factors and processes of care should also be considered for inclusion in future studies, particularly as acute rehabilitation has recently been shown to increase the odds of survival for LE amputees [11] . Given this important scientific advancement, future studies need to examine the care provided for amputees with compromising preexisting conditions, such as neurological disorders, to ensure there are no disparities in accessing appropriate care for both the amputation and any primary illnesses and impairments. Careful oversight is needed both during acute care and following the hospitalization to ensure that all conditions are appropriately managed.
